The Kampar River estuary has a unique tidal bore, namely Bono. A tidal bore is a natural phenomenon caused by the tidal flow which meet the flow of the river. Tidal bore "Bono" has an impact on the transport of suspended particles which is pretty much along the Kampar River. The purpose of this study is to determine the estimated concentration of total suspended solid in the river as the result of the transport by Bono in Kampar River estuary by Landsat 8 OLI. The primary data are Landsat 8 OLI sensor -on Path 126 and Row 60, recording date was on 23-04-2016, which was analyzed spatially -and TSS in situ. The secondary data are tide forecasting data and topographical map of Indonesia. Distribution of total suspended solid indicates sediment transport and its distribution by TSS values ranged between 10-150 mg/L and TSS in situ value ranged between 42-241 mg/L. Tidal range ranged from 0.78 to 4.2 m and current velocity ranged from 0-0.9 m/s, which generate tidal bore extending from the mouth to the river body, resulting in suspended particle transport along the river. TSS concentration is higher in the river estuary.
INTRODUCTION
Bono is a natural phenomenon caused by the propagation of tidal current from the estuary. Estuary shape is divergent, which is affected the higher speed of Bono and is supported by the convergence of two kinds of currents; the upstream flow and the tidal flow from the estuary. Bono waves included in the category of Tidal Bore which was defined by Yulistyanto (2009) the hydrodynamic phenomena associated with the mass movement in the estuary water, where the tidal wave propagates to upstream with the destructive force.
The emergence of Bono waves has significant impacts on the system of the estuary. The impacts are sand transport and deposition which occurred around Muda Island and Mendol Island (Yulistyanto, 2009) . Mixing in the riverbeds is caused by the hydraulic jump flow of tidal bore (Chanson, 2008) . The high sediment transport is also caused by mixing mechanism which occurs when the Bono propagates along the Kampar River so that the suspension of sediment constantly occurs and causes the high turbidity levels in the estuary (Riau Research Agency, 2005) .
In some areas along the Kampar River, there are sand mining areas explored by the public. It has positive and negative impacts on social and environmental aspects. The region that became the center of sand mining is Teluk Meranti and Kuala Kampar Village with a total mining area reached 508.17 ha (Department of Energy and Mineral Resources District. Pelalawan, 2009) . Sand mining which causes changes to the morphology of the river and shipping lanes and the presence of Bono, which contribute significantly to the sediment transport mechanism.
Distribution of suspended materials concentration in the Kampar River can be calculated by a Landsat 8 algorithm. Landsat 8 carries two separate sensors, namely the Operational Land Imager (OLI) and the Thermal Infrared Radiometer Suite (TIRS) (Pahlevan and Schott, 2011) that image the earth surface throughout the visible and thermal portions of the spectrum.
Compared to earlier version of Landsat sensors, the OLI has enhanced features, including its 12 bit radiometric resolution and the addition of a band centered at 443 nm. The improvement of data quality/quantity expands the existing applications of Landsat imagery in aquatic sciences from the retrieval of biogeochemical properties, including total suspended solids (TSS) (Pahlevan et al., 2014) .
Research on the phenomenon of tidal bore "Bono" in Indonesia is still rare and none of that previous studies has in depth study about Bono phenomenon, its causes, and effects on the Kampar River waters and estuaries environment. The purpose of this study was to determine the estimated concentration of TSS in the Kampar River transported by tidal bore Bono in Riau Kampar River estuary using Landsat 8 OLI.
MATERIALS AND METHODS
The material used in this study included primary data and secondary data. The primary data were TSS in situ and Landsat 8 OLI of Kampar River (Pelalawan Regency) at Path 126 and Row 60, recorded on April 23, 2016. The recording was taken from USGS web pages http:// earthexplorer.usgs.gov/. Table 1 shows that the image recording time is in accordance with the sampling time TSS in situ, which were taken in the same tidal condition (Figure 1 ). The secondary data consisted of digital topographical map of Indonesia used for cross section layout map and NAOtide forecasting used for determination of field data collection time according to high tide to low tide. The clouds were masked out of the image. Hence, in the calculation of TSS, land and clouds were not included in the calculation. The masking process was done by employing following formula:
If (i2/i1) < 1.3 then null else i2 where: i2 = band 4 (0.64 -0.67 µm) i1 = band 5 (0.84 -0.89 µm) (Simbolon et al., 2015) The use of the above equation is in conjunction with TSS algorithm by Budhiman (2004) that has been implemented by Putra et al. (2014) Where: red band = band 4
In the present study, the calculation of TSS only used reflectance (ρλ) from the red band, combined with the value of the separation of land and sea. The formula was formulated as follows:
then null else (TSS)
Water sampling was done during ebb tide conditions ( Figure 1 ) based on tide forecasting using NAOtide at longitude 103.22603 and latitude 0.50354. This aimed to achieve the same conditions to establish the comparison of the obtained TSS and water quality parameters. Data were collected on the April, 26 th 2016 at 07:00 -11:00 am. At the tidal condition, the water in Kampar River estuary waters are high tide towards low tide. To evaluate the TSS image processing result, it must be compared with field measurement TSS data (Volpe et al., 2011) , applying RMSE (Root Mean Square Error) formula as follows:
where: N = The number of total data = Image processing data result = Field measurement data result Measurement of tide was done using Tide gauge Valeport, from April 23 to May 23 of 2016 in the South of Mendol Island (Figure 2 ). The tidal data calculation includes tidal range and analysis of Indian Spring Low Water (ISLW) (Adibrata, 2007) . Tidal range was obtained by calculating the difference between high tide and low tide, while the value of amplitude and phase delay was analyzed using Ergtide software combined with admiralty analysis for 29 days tide data.
Measurement of current with the principle
Euler method was done at one point location using the ADCP (Acoustic Doppler Current Profiler) Aquadop Profiler NORTEK (Table 2 ). This avoids the disturbance i.e. the activities of fishermen and vessel traffic (Wisha et al., 2015) . The ADCP was deployed in the Tanjung Tersenduk-senduk area (Figure 2 ). The current measurements during 24 hours data was carried out to represent the speed and direction of currents and the surface elevation (Wisha et al., 2016b) . 
RESULT AND DISCUSSION
OLI image processing results showed that TSS concentrations ranged from 10 to 150 mg/L and TSS concentration value of the in situ station ranged between 63 -141 mg/L (Figure 3) . TSS value varied from the estuary to upstream. According to Rosyadi et al. (2009) Rozali et al. (2016) also stated that the concentration of TSS in Kampar River estuary ranged between 70-110 mg/L during low tide towards high tide and 50-150 mg/L during high tide towards low tide. The variation of these findings is consistent with the study carried out by the Ministry of Environment and Forestry (2014) reported that the annual concentration from 2010 to 2014 of TSS in Kampar River was volatile and unstable (Table 3) . TSS concentration at high tide towards low tide condition is higher due to the existing intake of suspended substances from Malacca Strait transported by the tidal current. When the Bono propagates, it mixed the sediment and particles in the bottom of the river. Bono propagation brings the large tidal energy and destructively causes the erosion in the estuary area. According to Furgerot et al., (2013) , the turbulence due to tidal bore propagation is directly related to enhanced TSS concentration in the estuary.
The transport of sediment due to Bono propagation occurring along the Kampar River also affects sedimentation in the upstream area (Yulistyanto, 2009 ). The unstable sedimentation that changes in each season affects the stream channel in some part of the upstream.
From the results of image processing, some samples were chosen to find a more detailed of TSS concentration that divided into 6; A, B, C, D, E and F (Figure 3 ). All those locations have the same coordinates with the measurement location TSS in situ ( Table 4 ).
The lowest TSS concentration was at station 14 and the highest was station 18 located in the Kampar estuary. According to Donelly and Chanson (2002) high suspension of the organic/ inorganic substances increased in the estuary as a result of the turbulence and mixing by a hydraulic jump of tidal bore. These conditions lead to the increasing turbidity enhancement in the estuary.
The error value of TSS concentration obtained from the comparison between OLI imagery and field measurements was 7.98%. Figure 4 shows that the difference in results verified that TSS concentration is different at each observation stations.
The distributions of suspended particles stirred by the tidal bore is a dominant factor to change the turbidity. Yulistyanto (2009) reported that Bono propagations reach 60km upstream. During the propagation, the Bono's energy generates the hydro sedimentary processes which trigger the erosion and sedimentation events along the river (Chanson, 2001 ).
The high TSS in the river generates the environmental pollution and disrupts the biogeochemical processes. According to Rosyadi et al., (2009) , TSS is a major factor affecting the decreasing of phytoplankton photosynthesis intensity and indirectly influences the other biota in the food chain.
Tidal bore Bono causes the upstream turbidity level enhanced due to the transported suspended particles from the river mouth. This condition also affects the water quality parameters inside the river as a tidal bore, activities directly affect the distribution of many chemical compounds and change the level of the standard quality of environment (Chanson, 2011) . The water quality data were obtained by field measurement at the same time and the same point of TSS in situ (Table 5 ). The value of turbidity ranged from 2111.40 to 3760.40 NTU, with an average of 2745.54 ± 365.38. Turbidity is closely related to the levels of suspended substances. The turbidity value in the present study was quite high. It indicates that the suspended particle concentration was also high. It will reduce the visibility level in the waters, which is finally will inhibit the photosynthesis activities.
Total dissolved solid (TDS) ranged from 0 to 7.40 g/L (Tabel 5). The value of TDS is associated with the level of solid content in the water, dissolved solids and suspended solids which is a parameter for determining the total solids. This can be organics and inorganics which indirectly influence the biota inside the river especially for phytoplankton photosynthesis. According to Wisha et al., (2016a) , the abundance of phytoplankton is inversely proportional to solids content, turbidity, and suspended materials.
Dissolved Oxygen (DO) is an unstable parameter. The increasing value of TSS and turbidity will inhibit the process of photosynthesis by autotroph organisms and decrease the dissolution of oxygen in the water. It will lead to anoxic conditions in the water (Clingan and Norton, 1987) . In the present study, the DO value ranged from 4.39 to 6.71 mg/L with an average value in all sampling stations of 5.25 ± 0.53 mg/L (Table 5) . DO value is categorized under normal conditions.
Temperature is a physical factor that affects the speed of the suspended particles settling process (Hala et al., 2013) , the temperature ranged from 30.30 to 32.70 o C with an average temperature value of 30.92 ± 0.69 o C.
Tidal change with a range up to 4 m is necessary for a tidal bore (Chanson, 2009 ). The tidal energy sourced from Malacca Strait, which generated a high range of tidal elevation change. It causes a wave propagation which triggers a destructive force. The tidal wave (Bono) affects the instability of the bed morphology which depends on the seasons, tidal conditions and wind directions. Propagation of tidal bore is a major factor in the mechanism of water mass transport along the river (Baschek et al., 2001) . At the time of tidal bore propagation, the turbulence for bottom sediments is stirred by a hydraulic jump off the tidal bore (Chanson et al., 2010) which are transported and settled in the upstream area (Chanson, 2004) . Bed erosion could possibly take place beneath each wave crest. The eroded material is advected in the wave motion behind the first wave crest and the turbulence become stronger (Koch and Chanson, 2008) .
The results of ADCP measurements ( Figure  5 ) indicate two current characteristics at the time of the afternoon Bono event (red circle) and the night Bono event (black circle). In the afternoon event, the water level is about 3.40 m. The current direction changed significantly but the current speed decrease at the same time of Bono occurrence, about 0.20 m/s. In contrast, the water level during the night is 4.10 m, while current direction changed is almost 250 o and the velocity reaches 0.90 m/s. According to our results, the speed of the tidal bore ranged between 0.20-0.9 m/s that are slightly different from the results of Garonne River (about 0.30-1.00 m/s) reported by Chanson et al. (2010) . According to Furgerot et al. (2013) , the speed of the tidal bore depends on the tidal elevation range, which forms a harmonic oscillation along the river. It becomes the major factor which triggers the suspended particles distribution.
In addition, the use of uncorrected data atmospherically will affect to the result of suspended particle concentrations. It can be higher/lower than the real concentration (There is a bit of error inside) due to the influence of scattering and radiation absorption.
CONCLUSION
TSS concentration of remote estimation OLI imagery is not much different from the measurement results of TSS in situ. The range of TSS value is high enough and also affects the change in a value of some physical and chemical parameters of Kampar estuary. Wave propagation Bono evokes particles stirred in the bottom of the river mouth and brought it to the upstream, which the oscillation bore occurred 2 times in one day.
Water elevation and current speed are different between the 2 events of Bono propagation and the suspended particles transport might also be different at each event.
The use of Landsat imagery to estimate the TSS concentrations can also be applied to estimate the sedimentation area. The algorithm that is used in the present study is quite precise in describing the impact of Bono waves on sedimentation and turbulence in Kampar River. However, it could have considerable errors for other images with the larger water areas.
This study can be useful as a basis for the assessment of the current environmental conditions of Kampar River for the local government by which sand mining activities in the Kampar river can be potentially controlled. 
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